County, California; Washington County, Maryland; and Pittsburgh County, Pennsylvania. The rationale and design of the CHS have been previously reported (5) . Briefly, an original cohort of 5,201 participants was recruited between 1989 and 1990, which was supplemented by a second cohort of 687 African American participants recruited between 1992 and 1993 (5) .
For the current analysis, we used a public-use copy of the CHS data obtained from the National Heart, Lung, and Blood Institute. Of the 5,888 original CHS participants, 5,795 consented to be included in the deidentified public-use copy of the data set and are included in our analysis. After excluding participants who were divorced (n = 303) and never married (n = 230), a total of 5,256 married and widowed male and female participants were included in the current analysis. Of these, 1,436 (27%) were widows or widowers. From these 5,256 participants, we assembled a cohort of 819 pairs of propensity-matched widowed and married persons who would be balanced on all measured baseline characteristics.
Baseline Characteristics
Data on marital status and other sociodemographic characteristics, health behaviors, self-rated health, comorbid conditions, medications, vital signs, markers of inflammation, and other biochemical covariates were collected at baseline and have been previously described in details (6, 7) . Missing values for continuous variables were imputed based on values predicted by age, sex, and race.
Outcome Measurements
Primary outcomes for this study were all-cause mortality and all-cause hospitalization during 13 years of follow-up (median, 11 years and interquartile range, 5 years). Secondary outcomes included cause-specific mortality and hospitalizations as well as incident cardiovascular events among those without those conditions at baseline. For example, for incident heart failure (HF), those with baseline prevalent HF were excluded. Data on mortality were obtained through active surveillance of the contacts of the participant and through obituary searches at the four study sites (8, 9) . Cause of death was determined by the CHS Events Committee. Data on hospitalization were self-reported and verified using CMS Medicare Utilization Files, and primary discharge diagnoses were verified by CHS Events Committee using International Classification of Diseases, Ninth Revision codes by medical record review (10) . All incident cardiovascular events were centrally adjudicated, the process of which has been described in detail in previous literature (11, 12) .
Assembly of the Balanced Study Cohort
Because of significant imbalances in baseline characteristics between married and widowed individuals (Table 1) , we used propensity score matching to assemble a cohort of participants so that the two groups would be well balanced on all measured baseline characteristics (13, 14) . We estimated propensity scores for widowhood for each of the 5,256 participants using a nonparsimonious multivariable logistic regression model (15) (16) (17) (18) (19) (20) . In the model, widowhood was the dependent variable, and the 74 baseline characteristics displayed in Figure 1 were entered as covariates. The propensity score for widowhood for a participant would be the conditional probability of that participant being a widow, given his or her measured baseline characteristics (13, 14) .
Because propensity score models are sample-specific adjusters and are not intended to be used for out-of-sample prediction or estimation of coefficients, measures of fitness and discrimination are not important for the assessment of the model's effectiveness (21) (22) (23) (24) . The efficacy of propensity score models is best assessed by estimating postmatch absolute standardized differences between baseline covariates that directly quantifies the bias in the means (or proportions) of covariates across the groups, expressed as a percentage of the pooled standard deviations. We therefore calculated pre-and postmatch absolute standardized differences and presented those findings as Love plots (25, 26 ). An absolute standardized difference of 0% would indicate no residual bias and less than 10% would be considered of inconsequential bias. Using a greedy matching protocol described elsewhere, we were able to match 819 pairs of married and widowed participants who had similar propensity scores (21) (22) (23) (24) .
Statistical Analysis
For descriptive analyses, we used Pearson chi-square and Wilcoxon rank-sum tests for the prematch data and McNemar's test and paired sample t test for postmatch comparisons as appropriate. Kaplan-Meier survival and Cox proportional hazard analyses were used to determine the association of widowhood with outcomes during 13 years of follow-up. We conducted a formal sensitivity analysis to quantify the degree of a hidden bias due to potential imbalance of an unmeasured covariate that would need to be present to invalidate our main conclusions (27) . We then repeated our analysis in all 5,256 prematch participants using four different Cox regression models: (a) unadjusted; (b) age-sex-race adjusted; (c) multivariable adjusted, using all covariates used in the propensity score model; and (d) propensity score adjusted. Selected subgroup analyses were conducted to determine the heterogeneity of the association of baseline widowhood and mortality. All statistical tests were two sided, and tests with p value < .05 were considered significant. SPSS for Windows (Version 18) was used for all data analysis.
Results

Baseline Characteristics
Overall, matched participants had a mean age 75 (±6) years, 78% were women, and 16% were African American. Note: ACE = angiotensin-converting enzyme; ADL = activity of daily living; COPD = chronic obstructive pulmonary disease; IADL = instrumental activity of daily living; MMSE = Mini-Mental State Examination; NSAID = nonsteroidal antiinflammatory drug.
Imbalances in baseline characteristics before matching and balances achieved after matching between widowed and married patients are displayed in Table 1 and Figure 1 . Before matching, widowed participants were more likely to be older, African American, live alone, have lower education and income, be current smokers, and have a higher prevalence of various comorbidities. However, widowed persons were also more likely to be female. After matching, standardized differences for all measured covariates were less than 10% (most were <5%), suggesting substantial covariate balance across the groups (Figure 1 ).
Association Between Widowhood and Mortality
All-cause mortality occurred in 46% and 51% of matched married and widowed CHS participants, respectively, during 13 years of follow-up (matched hazard ratio [HR] when widowed participants were compared with married participants, Table 2 and Figure 2 ). In the absence of hidden confounders, a sign-score test for matched data with censoring provides strong evidence (p = .015) that older adults with spousal loss clearly had an increased risk of all-cause mortality than those who were married. A hidden binary covariate that is a near-perfect predictor of mortality would need to increase the odds of widowhood by 4.14% to explain away this association.
Prematch and postmatch associations of spousal loss with all-cause mortality by gender are displayed in Figure 3 . The association of widowhood and all-cause mortality was homogenous across various demographic Figure 1 . categories (Figure 4) . Among the 5,256 prematched participants, unadjusted, age-sex-race-adjusted, and multivariable-adjusted HRs for mortality associated with widowhood were 1.43 (95% CI, 1.31-1.56; p < .001), 1.33 (95% CI, 1.21-1.47; p < .001), and 1.15 (95% CI, 1.02-1.29; p = .021), respectively ( Table 2) . Associations of widowhood with cause-specific mortality are displayed in Table 2 .
Association Between Widowhood and Hospitalization
All-cause hospitalization occurred in 86% and 86% of matched married and widowed CHS participants, respectively (matched HR when widowed participants were compared with married participants, 1.10; 95% CI, 0.99-1.22; p = .080; Table 3 ). Among the 5,256 prematched participants, unadjusted, age-sex-race-adjusted, and multivariable-adjusted HRs for hospitalization associated with widowhood were 1.14 (95% CI, 1.07-1.22; p < .001), 1.13 (95% CI, 1.05-1.21; p = .001), and 1.10 (95% CI, 1.01-1.20; p = .034), respectively (Table 3) . Unadjusted, age-sex-race-adjusted, multivariable-adjusted, and matched HRs for associations of widowhood with cause-specific hospitalizations are displayed in Table 3 .
Association Between Widowhood and Incident Cardiovascular Events
Of the 1,547 matched participants without prevalent HF at baseline, incident HF occurred in 23% of both matched married and widowed participants (matched HR, 1.04; 95% CI, 0.84-1.28; p = .731; data not shown in table). Among the 5,008 prematch participants without prevalent HF at baseline, unadjusted, age-sex-race-adjusted, and multivariableadjusted HRs for mortality associated with widowhood were 1.30 (95% CI, 1.14-1.49; p < .001), 1.21 (95% CI, 1.04-1.41; p = .013), and 1.15 (95% CI, 0.96-1.37; p = .130), respectively (data not shown in table).
The unadjusted significant association of widowhood with incident stroke among the 5,029 participants without baseline stroke (HR, 1.30; 95% CI, 1.11-1.53; p = .001) became nonsignificant after adjustment for age, sex, and race (HR, 1.05; 95% CI, 0.88-1.26; p = .592) or in the multivariable model (HR, 0.85; 95% CI, 0.65-1.11; p = .243). Widowhood had no association with incident stroke among the 1,567 matched participants without baseline stroke (HR, 0.88; 95% CI, 0.68-1.14; p = .345). Widowhood had no significant unadjusted or adjusted associations with any other incident cardiovascular events.
Discussion
Summary and Relevance of the Key Findings
Findings from the current study demonstrate that among community-dwelling older men and women, baseline widowhood had an intrinsic association with mortality, which was independent of 74 measured baseline demographic, clinical, subclinical, and biochemical characteristics, and was mostly driven by an increase in noncardiovascular mortality. Widowhood also had significant age-sex-raceadjusted associations with cardiovascular mortality, all-cause and cause-specific hospitalizations, and incident HF but lacked an intrinsic association with these outcomes. These findings provide important insights about the prognostic impact of widowhood on outcomes in community-dwelling older adults and suggest that the impact of widowhood may not be explained by commonly measured confounders and mediators of poor outcomes.
Potential Explanation and Mechanism of the Key Findings
As in any observational study, the significant independent association of widowhood with increased mortality in our study has three potential explanations: residual bias by measured confounders, bias by unmeasured confounders, or a true intrinsic association. The concern about residual bias due to imbalances in any of the 74 measured baseline characteristics is attenuated by the findings from our propensity-matched cohort in which widowed and married individuals were balanced on those characteristics. Although our sensitivity analysis suggests that the observed association may be relatively sensitive to an unmeasured confounder, sensitivity analysis cannot determine if such an unmeasured confounder exists. To be a confounder, an unmeasured baseline characteristic would need to be a nearperfect predictor of mortality, would need to increase the odds of widowhood by more than 4%, and could not be strongly associated with any of the 74 measured baseline characteristics, a possibility that seems highly unlikely. Therefore, an unmeasured confounder cannot fully explain away the findings from our matched cohort.
The independent effect of widowhood on mortality is unlikely to be direct and is more likely mediated via other risk factors. Although all these measured risk factors were balanced at baseline in our matched cohort, widowed older adults may have had a higher incidence of these conditions during follow-up (28) . This is evident from the higher prematch baseline prevalence of many such risk factors, such as hypertension, diabetes, and HF among widowed individuals (Table 1) . Although it possible that older widowed individuals had a higher prevalence of these conditions, these conditions would be unlikely to have caused spousal death. On the other hand, if widowed older adults developed these conditions after widowhood, it is plausible that prebaseline postwidowhood psychosocial stress may have contributed to the higher baseline prevalence of these conditions. Widowhood is known to be associated with increased risk of depression and decline in cognitive and physical function, which may act as additional mediators (29) . Similarly, chronic economic hardship and the erosion of environmental, psychological, and social support resources associated with widowhood may lead to deleterious physical and emotional health outcomes (30) (31) (32) .
The lack of a strong and significant intrinsic association with hospitalization in our matched cohort may suggest that widowhood-associated mortality was due to sudden cardiac death that precluded hospitalization. However, findings from our cause-specific mortality analyses demonstrate that widowhood had no intrinsic association with cardiovascular mortality. Because noncardiovascular death is seldom sudden, it suggests that widowed older adults were less likely to seek medical care or more likely to receive home health or hospice care leading to death outside of the hospital. These findings also suggest that the association of widowhood with outcomes is complex and poorly understood, and these associations need to be prospectively examined, preferably using designs that would allow repeated-measures analyses.
Comparison With Findings From Relevant Published Literature
Findings of the current analysis are consistent with those from two recent meta-analyses on marital status and risk of mortality (33, 34) . In one meta-analysis based on 40 cohort studies, compared with married older adults, older widowed individuals had a higher risk of death (33) . In another meta-analysis of 87 studies, being married was associated with reduced mortality (34) . In that study, larger social networks and higher levels of perceived social support were also associated with reduced mortality. However, to the best of our knowledge, the current study is the first to examine the association between widowhood and outcomes in a propensity-matched cohort of community-dwelling older adults.
Clinical and Public Health Importance
Because widowhood is an unmodifiable risk factor, unadjusted associations are important. A careful review of the baseline characteristics (Table 1) provides insights into the unadjusted poor outcomes for widowed older adults. More than 80% of widowed individuals were women. Despite this apparent gender advantage, widowed older adults were disadvantaged by their older age, poorer sociodemographic and functional status, and higher morbidity burden, all markers and risk factors for poor outcomes. Spousal loss is often considered a benign normal grief. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), depression is a major mental illness, yet grief is considered a normal reaction to loss. Although the association between depression and mortality in older adults has not been clearly established (35) , findings from our study suggest a significant intrinsic association between widowhood and mortality. Whether addressing risk factors associated with widowhood would improve outcomes in widowed older adults remains unknown and would need to be examined in well-designed prospective studies.
Potential Limitations and Future Direction
Several potential limitations of this analysis need to be acknowledged. There were no data on the onset and duration of widowhood prior to baseline. Also, we had no data on other incident bereavement events, such as loss of an adult child, parent, or sibling during follow-up. However, such bereavement is likely to have occurred similarly between both groups. It is possible that individuals who were married at baseline became widowed during follow-up and vice versa. However, the resultant regression dilution may have underestimated the true associations observed in our study (36) . Because of the small number of men in the current study, these findings may not be generalizable to older men. The loss of study participants during matching is unlikely to have affected our findings as the multivariable regression-based analyses in the prematch data also showed similar results. 
